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wherein R is an allcyl group containing from 1 to 20 cartjon atoms, n represents a number selected from the 
dass consisting of zero and ttte integers from 1 througlt 6, b' represents a member fleeted from the 
group consisting of the hydrogen atom and those groups represented by R, and r' is an aliphatic 
hydrocarbon group are effective antiwear and antioxidant additives in lubricating oils. 
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LUBRICANT COMPOSItlON 



TO 



This invention relates to certain novel esters of dithiocarbamic acids. More particularly, this invention 
relates to certain novel bicycloheptyl esters of dihydrocarbyi dithiocarbamic acids having utility as (ubricant 
additives and lubricating compositions containing them. The Invention also relates to a process for 
preparing such products. ./^ 

Additives are conventionially, added to lubricating oils to improve, their propertieis. Antiwear additives 
used in the past include compounds such as' zinc dialkyldithiophosphates. sulfurized sperm oih and the like. 
Antioxidant additives used In the past include suifurized dil-sofuble organic compounds, such as wax 
sulfides and polysulfides. sulfurized olefins, sulfurized fatty acid esters, and sulfurized olefin esters, as well 
as oil-soluble phenolic and aromatic amine antioxidants. 

It has now been found that certain bicycloheptyl esters of dihydrocarbyi dithiocarbamic acids are very 
effective antiwear and antioxidant additives in lubricating compositions such as crankcase lubricants. 

A prefen^ed embodiment of this invention is an antiwear and antioxidant compound or mixture of 
compounds having the following general formulae: • ; ^ 
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wherein R represents an alley I group containing from 1 to 20 carbon atoms, n represents a number selected 
from the class consisting of zero and the integers from 1 through 6, r' represents a member of the group 
consisting of the hydrogen atom and those groups represented by R, and r" represents an aliphatic 
essentially hydrocarbon group. The term "essentially hydrocarbon group" is used to define a class of 
substituent groups which includes unsubstituted hydrocarbon groups and substituted hydrocarbon groups In 
which the substituent groups are such. and are substituted In such position, that they are in effect inert and 
do not alter significantiy the basically- hydrocarbon character of the hydrocarbon group. Thus, included 
within the meaning of the definition given ttie symix)! "R" are hydrocarbon groups such as the alkyi and 
alkenyl groups and their substitution derivatives. It is prefen^d ttiat4he group designated by the symbol r" 
be an unsubstituted lower alkyi group containing not more than about 12 carbon atoms J Examples of tills 
group include ttie methyl, ettiyi, propyl, hexyl, octyl. decyl, dodecyl. etiiehyl. propenyl. butenyl. hexenyl. 
octenyl and dodecenyl groups. 

The novel compounds of tiie invention may be generically characterized as bicyclo(2.2.1)heptyl-2.6-bis- 
(N.N<llhydrocarbyl-ditiiiocari3amates). bicyclo(2^1 )heptyl-2.5-bis{N,N-dihydrocarbyldittilocarbamates) and 
their alkyi substitution products. From the general fomiulae given, it can be seen tiiat the essential 
configuration of the novel compounds is such tfiat a bicyclo(2.2.1)heptyl radicalJs attached by a saturated 
ring carbon atom at tiie 2-position and 6-position of tine ring or al tfie 2-position and 5-posltion of the ring to 
a sulfur atom of a dithiocarbamic. acid moiety. ' 

Examples of tiiese novel compounds include: ^ . : v 

bicyclo(2.2.1)heptyl-2.6-bls(N.N-dlmetiiyldithiocarbamate). . ' 

bicyclo(2.2.1)heptyl-2.6-bls(N.N-dllsopropylditiiiocarbamate). 
bicyclo(2.2.1)heptyl-2.6-bls{N.N-di-n-butyldltiiiocari3amate). 
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bicyclo(2.2.1)heptyl-2,6-bis(N.N-clthexy(dithiocarbamate), 

bicycto(2.2.1 )h8ptyl-2.6-bis(N.N-didodecyldithiocarbainate), 

1 ,4-dimethylbicyclo(2^.1 )h8ptyl-2,6-bis(N,N-dimethyldithiocarbamate), 

3,5Hdimethylbicyclo(2.2J)heptyl-2,6-bls(N,N-dimethyldithlocarbarnate). 
5 1 ,4-diethylblcyclo(2.2.1 )h©ptyh2.6-bis(N.N-dirn©thyldlthiocarbamate), 

3,5Kiiethylbicyclo(2.Z1)heptyK2.6Tbis(N.r^dimethyld^^ 
. 2,4<liisopropylblcyclo(2.2:1)heptyl-2,645ls(N.N-di-n-butyldlthiQC^^ * 
. 2,4-dioctylblcyclo(2.2.1)heptyh2,6-bis<N,N<lj-n-butyldithiocai1>^at9 

2,4Kjidecylbicyclo{2^.1)heptyl-2,6-bis(N,N-di-n-butyldithiocarbamate), " 
. 70 ..•2.5<l^methylbicyclo(2.2J)heptyl-2,6-b!S<N.^^ ' 

2,6-dimethy(bicyclo(2:2.t)heptyl-2<6-bi6(N,N-di^ \ ' 

1 .3.5- trimethylbicyclo(22. 1 )heptyh2.6Tbis(r4,N-didecy Idithiocarbahiate), ' 

2.4.6- trimethylbicyclo(2^.1)heptyl-2,6-bis(N.N-djdodecyldithlocarbamate),' 

1 .4,5.6.7.7-hexam9thylbicyclo(2.2.1 )heptyl-2.6-bfs(N.N-di-n-butyldithiocarbamate), 
.75 . 7,7-dimethy ibicyclo(Z2.1 )hepty i-2,6*bis(N,N^jimethyldtthiocarbamate), * ■ 

bicyclo(2.2.1)heptyl-2,643is(NHrTiethyf-N-ethykjithiocarbarnaf8), • 
• bicyclo(2^1)heptyl-2,6-bis(N-methyI-N-propyldithbcarbamate). , ^ 

blcycIo(2.2.1 )heptyl-2,6-bis(N-methyl-N-octyldithiocarbamate). 

blcyc!o(2^. 1 )hepty l-2,6-bis(N-ethyl-N-hexy Idithiocarbamate), 
20 bicyclo(2.2.1 )heptyl-2,6-bis(Nrpropyl-N-docecyldithiocarbamate), 

1 .4-dimethylbicyclo(2.2.1 )hepty t-2,6-bis(N-methyl-N-ethyidithiocarfoamate). 

3,5Kjimethylbicyclo(2.2.1)h8ptyl-2,6-bis(N-methyl-N-propyldithlocaii5amate). 

1 .4- diethylblcyclo(2.2.1 ^eptyl-2.6-bls(N-methyl-N-octyldithiocarbamate), 
3.5^iethylbicyclo(2.2.1)heptyl-2.6-bis(N-ethyl-N-hexyldithiocairbamate), 

25 2.4Ki^methylb^cydo(2.2.1)heptyi-2.6-bts(N-ethyl-^^decyldithtocarbamate). 
2.5<llmethylbicyclo(2.2.1)heptyl-2,6-bts(N-«thyl-N<Iecyldithl6 
2.6KllethylblcycIo(2.2.1)heptyI-2.6-bis(N-ethyl-N-dodecyldithiocarbamate). 
1,3,5-trimethylbicyclo(2.2.1)heptyl-2,6-bis(N-methyl-N-ethy!dithiocarbamate), 
2.4,64riethylbicydo(2.2-1)heptyl-2.6-brs(N-methyl-NK)Ctyldithjocarb 

30 1 ,4.5,6,7.7-hexam9thy lbicyclo(2^.1 )heptyl-2,6-bis(N-ethy l-N-hexyldithiocarbamate), 
77-<llmethylbicycIo(2^.1)heptyh2,6-bis(N-ethyl-N<iodecyldithiocarbam^^^ 
bicyclo(2.2.1)heptyl-2,6-bis(N,N-diethenyldithiocarbamate), 
bicyclo(2.2.1 )heptyl-2.6-bis(N,N-dipropenyidithiocarbamate), 
blcyclo(2.2.1)hepty!-2.6-bis(N,N-dibutenyldlthiocarbamate), 

35 bicycio(2.2J)heptyi-2,6-bis(N,N-dihexenyidithiocarbamat6)» 
bicyclo(2.2.1)heptyl-2,6-bis(N.N<lidecenyldithio(:arbamat©), 
1,4.5.6 J7-hexaethylbicyclo(2.2.1)heptyh2,64Dls(N,NKlieth©nyldithlocart3am 
7.7*diisopropy ibicycio(2^.1 )heptyi-2.6*bis(N,N-dibuteny Idithiocarbamate), 
1 ,4<limethylbicydo(2.2.1)heptyl-2,6-bis(N,N<liethenyldithiocarb 

40 3,5-dimethylbjcydo(2,2:1)heptyl-2,6-bis(N,N<liethenyldithibcarbam 
1.4^iethylblcyclo(2^.1)heptyl-2.6^bis(N.Nsjiethenyldithloca^^ 

3.5- diethyfbjcyc!o(2.2J)heptyl-2.6-bis(N,N<!lethenyldithiocait)aiiiate). 
2,4-dn$opropyibicycio(2.2.1 )hepty(-2,6-bis(N,N-dietheny (dithiocarbamate). 
2,4Kiioctylbicyclo(2^1)heptyl-2,6-bis<N,N<iieth6nyldithicK:a^ 

45 2,4-didecylbicyclo(22.1 )heptyl-2,6-bis(N,N-<fipropenyldithiocarbamate). 
2,5Kflmethyibicydo(22.1)heptyl-2.€-bis(N,N<fibutenyldlthiocarbamate^^ 

2.6- dlmethylblcydo(2^.1 )heptyl-2,6-bis(N,N<lihexenyldithiocarbamat©). 

1 .3.5- tiimethylbicyclo(2^.1 )heptyh2,6*bis(N,N-didec6nyldithiocarbamate), 

2.4.6- triethylbtcydo(2^.1 )h8ptyl-2,6-bis(N.N<lldodecenyldHhiocarbamate). 
50 bicydo(2.2.1)heptyl-2,6-bis(N-eth0nyl-N-prop8rTyldithiocarbamate), " 

blcydo(2,2.1)heptyl-2,6-bis(N-ethenyl-N-hexenyldithiocarbamate). 
1 .4-dimethylblcydo(2^.1 )heptyl-2.6-bis(N-eth0nyl-N-hexenyldlthiocarbamate), 
1 ,4-diocty lbicycIo(2.2,1 )hepty l-2,6-bis(N-6thenyl-N-h0xenyldithiocarbamate), 
3.5Kflethylb^cydo(22,1)heptyh2v64>is(N-ethenyh^^ 
55 1,3,5-trlmethylbicyclo(2.2J)heptyl-2,6-bls(N-eth0nyl-N-propenyldithlocarb 
1 ,4.5.67.7-hexamethylbicydo(2.2.1 )h8ptyl-2,6-bis(N-ethenyl-N-hexenyldithto 

7.7- dimethylblcyclo(22.1 )h8ptyl-2,6-bis(N-8thenyl-N-dodecenyldithiocarbamate). 
bicydo(2.2J)heptyl-2,5-bis{N,N<Jimethyldithiocarbamate), 



3 



EP 0 349 131 A2 



bicyclo(2^ J )heptyl-2,5-bis(N,N-diisopropyldithiocarbarnate), 
bicycto(2.2.1 )heptyF-2,5-bis(N,N-dhn-butyldithiocarbamate), 
blcyclo(2.2.1)heptyl-2.5-bis(N,N-dihexyIdithiocarbamate), 
bicycto(2^.1 )heptyh2,5-bls(N,N.didodecyldithlocarbam^^^^ 
s 1.4HjimethyibicycIp(2.%1)heptyl-2^ . „ 

3.5Klimethylbicyclo(2.2J)heptyl-2;6-bis(N.NKjimethyidithlocarbam 

1 .4- diethylbicyclo(2^ J )heptyl-2.5-bis(N,N-dimethyldlthloearbamate). 
3.5<li©thylblcyclo{22J)heptyl-2,5-bis(N.N<lim0thy!dithiocar^ 
2.4<nisopropylbicyc!o{2^.1)heptyl-2.5-bjs<N,N-dibiityldlthioca^ 

70 2.4-dlmethyfblcyclo(2.2.1)heptyl-2.5-bis(N,N<ll-n-butyldithic)carbam 
2Adidecylblcyclo(2^J)heptyl-2.5-bis(N,N-KJi-n-bulyldlthiocarbamate). 

2.5- dimethylbicyclo(2.2.1)heptyl-2,5-bis(N,N<li-n-hexyldilhiocarbamm^^^ 
2.6Hjimethylbicyclo(2.2J)heptyl-2.5-bls(N.N-di-octyldithiocarbainato). 

1.3.5- trimethyIbicyclo(22J)heptyl-2.5-bls(N,N-di-d©cyldlthfocarbamate), 
IS 2.4,6-triethyibicyclo(2.2.1 )hepty l-2.5-bis{N,N-di-dod8cy Idithiocarbamate), 

1.4,5,67.7-hexamethylblcyclo(22.1)heptyh2.5-bis(N.N-dl-n^utyldithloca^^ 
77-dlmethylblcyclo(2.2.1)heptyl-2,5-bis(N,N-df-methy!dlthl^^^^ 
bicyclo(2^.1)heptyl-2.5-bis(N-methyl-N-ethyldlthldcarbamate). 
b!cycio(2.2J)heptyl-2.5-bis(N-methyl-N^propyldlthiocarbarnate), ^ ~ ■ 

20 bicyclo(2.2.1)heptyl-2.5-bis(N-methyl-N-octyldithlocarbamate), ' 
bicyclo(2^.1)heptyi-2.5-bls(N-ethyl-N-h8xyIdithiocarbamate). 
bicyclo(25J)heptyl-2.5-bis(N-propyhNKJcKjecyIdjthiocaita^ 

1.4- d!methylbicyclo(2.2.1)heptyl-2,5-bis(N-memy!-N-ethyldlthfocarbama^^ ' 

3.5- dimethylbicyclo(2.2.1)heptyl-2,5-bis(N-methyl-N-propy!dithibc^ 
25 1 .4-diethylbicycIo(2^.1 )heptyl-2.5-bis(N-methyl-N-octyldithiocarbamat©), 

3.5-diethylbicyc(o(2^.l)heptyl-2>bls(N-^thyl-N-hexyldlthlocarbamat©), 
2.4<limethylbicyckD(2.2.1)heptyl-2,5*is{N-ethyl-N-decy^ 

2.5- dimethyfbicyclo(2^J)heptyl-2.5-bis(N-ethyl-N-decylditliiocarbamate). 

2.6- diethylblcyclo(^2.1 )heptyl-2,5-bis(N-ethyl-N-dodecyldithlocarbamat©), 
30 1 .3,5-trimethylbicyclo(2^.1 )heptyl-2,5-bis(N«methyi-N-ethy IcJithioc^iirbamate). 

2.4.6- triethylbicyclo(2.2.1 )hepty I-2,5-bis{N-fnethy l-N-octy Idithiocarbamate). 
1 .4,5,8,7,7-hexamethylbicyclo(2.Z1 )heptyh2,5-bis(N-ethyl-N-he)cyidithiocarbamafe). 
77<iimelhylbicyclo(2^J)heptyl-2.5-bis(N-memyl-N-dodecyldithlbcarbam^^^^ 

- blcyclo(2.2 J )heptyl-2,5-bis(NKiiethenyldithw^ 
35 bicyclo(2^J)heptyl-2.5-bfs(N.N-diprop©nyldith|ocarbamate), 

bicycM2.ai)heptyl-2.54Dis(N,N-dibutenyldithiocarb^ 

blcycto(2.2.1)heptyl-2.543is(N.N-<l!hexenyldithiocarbamat^^ 

bicycfo(2.2. 1 )heptyl-2,5-bis(N.N-dideceny fdithiocarbamate).* 

1 .4-dimethylblcyclo(2J2.i)heptyh2,5-bis(N,NKjiethenyldithi6car^ 
40 3,5Hjimethyibicyclo(2^.1 )heptyl-2,5-bls(N,N<lietheny!dithiocarbamate). 

1 .4-diethylbicyclo(2.2 J )heptyl-2,5-bis(N,N-dletheny Idithioc^^ 

3,5<ll©thylblcyclo{2J2.1)heptyl-2,5-bls(N,N-diethenyld^^^ 

2.4^iisop^opylbicycIo(^2:1)heptyl-2,5-bls(N.N-dlethenyldjthlocarbama^^^ 

2.4- diocty{bjcyclo(2.2.1 )heptyl-2,5-bis(N.N-dl©th©ny Idithlocarbamate). 
4$ 2.4<lidecylbicycio(2.2.1)hepty!-2,5-bis(N.NHdlpropenyIdithic«arb€UTiate), 

2.5- dlmethylbicydo(2-2.i)h©ptyl-2,5-bis(N,N<libut©nyldithlocarbamate 
2,6<l^m©thylbicydo(2.2.1)heptyl-2.5"b^s(N,^Wih©xenyldi*^^ 

1.3.5- trim0thylbicyclo(2^1)h0ptyl-2,5-bls(N,N-did©c0nyldithlocarbamate 

2.4.6- tri0thylbicydo(2.2J)h©ptyl-2,5-bis(N.NHiidodecenyldithioc»^ 
60 1.4.5.6JJ^exae%lblcyclo(2^J)h0ptyl-2.54)is(N,N-di©thehyl^^^ 

7J<liisopropylbicydo(2^J)heptyl-2,5-bis<N,N-dibut©nyldithiocari^ 
bicydo(2^.1)heptyl-2.545is(N-©thenyl-N-prop©nyldithiocarbOT 
bicydo(2^1)heptyh2,5-bis(N-©th©nyl-N4Tex©nyldim^^ 
■ 1.4Mdlmethylbicydo(2.1l)h©ptyl-2,5-bis(N-eth©nyl-N-hexenyldrt^ 
65 .1.4-dioctylbicydo(2^J)hepty*-2,5-bis(N-^nyh^^ 

3,5-die%lbicydo(2^.1)h0ptyl-2.5-bis(N-ethenyl-N<lec©nyldimiocarbamate^^^^ 
1,3.5^rim©thylblcydo<2^.1)h©ptyi-2>bis(N-0thenyl-N-propen 
1 .4,5.677-hexam0%lblcydo(2.Z1 )heptyl-2,54)is(N-©th©ny^^l-^ 
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7J-dlmethylbicyclo(2.2. 1 )heplyl-2,5-bis(N-ethenyl-N-dodeceny Idithiocarbamate), 



The additives of the invention are readily prepared by reacting a secondary monoamine of the general 



formula: • - i 



5 R -NH-R 

in which r' is an aliphatic hydrocarbon. group, preferably an aiiphsitic hydrocarbon group containing up to 
12 carbon atoms with carbon disulfide and a bicycio(2.Zi)h^pta-2,jMiiane' haying the general formula: 
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IS 



RV-G-R! , . (C) 



wherein R and R are as hereinbefore defined. . t 

As the diene reactant, there may be used bicylo(2^.1)-hepta-2»5-diene Itself , or its alkyi substituted 
analogs. Examples of this class of .reactants which may be used to prepare, the novel compounds of the 
^ invention include 1,4-dimethyl and. 1.4rdlethylbicycio(2^.1)hepta-2,5-diene,« 3,5-dimethyl and 3,5- 
diethylbicycIo(2^.1)hepta-2,5-diene. 2,4-diisopropyi, 2,4-di6ctyl and 2,4^dldecylbicyclo(2.2.1)hepta-2,5- 
diene, 2,5-dimethylbicyclo(2.2.1)hepta-2.5-diene, 2,6-dimethylbicyclo(2.21)hepta-2.5-dlene, 1 ,3,5- 
trimethylbicyclo(2.2.1 )hepta-2.5-diene. 2.4,6-triethylbicyclo(2.2,1 )hepta-2,5-dlene, 7.7-dimethy lbicyclo(2.2.1 >- 
hepta-2,5-dlene, 1 ,2,3,4-tetramethylbi cyclo(2.2.1)hepta-2,5-diene, 1 ,2.3,4-tetrabutylbicyclo(2.2.1 )hepta-2.5- 
dlene, 1 ,2,3,4,7,7-hexamethylbicyclo(2.2.1)hepta-2.5-diene. and the fil<e. 

As stated above, the amine reactants of the present invention can be represented by the formula: 
r'-nh-r' ^ , ^ . 

in which r" Is an aliphatic hydrocarbon group, preferably an aliphatic hydrocarbon group coritaintng up to 
12 carbon atoms such as the aikyi and alkenyl groups and itheir substitution derivatives. It is preferred that 
the group designated by the symbol R be an unsubstituted lower alkyl group containing not more than 
about 8 carbon atoms. Examples of R* include the methyl, . ethyl, propyl, hexyl, octyl, decyl. dodecyl, 
ethenyl, propenyl. butenyl, hexenyl, octenyl and dodecenyl groups: 

Specific examples of suitable amine reactants which can be used in the practice- of the present 
invention include dimethylamine, diethylamine, di-n-propyiamine, diisopropy lamina, di-n-butylamine, di-sec- 
^ butylamlne, drisobutylamine, di-tert-butylamine, dipentylamine, dihexy (amine, diocty famine, didecy (amine, 
didodecyfamine, N-methyl-N-ethylamine, N-methyl-N-propylamine. N-methyl-N-octylamihe, N-ethyl-N-hex- 
ylamine. N-ethyl-N-decylamine, N-propyl-N-dodecylamine. dlethenylamine, dipropenylamine, 
dibutenylamine, dihexylamlne. dioctenylamine, didecenylamine, N-ethyl-N-propenylarhine, N-ethenyl-N-hex- 
eny (amine. N-ethenyl-N-decenylamine, and the like. 

The reaction is effected by mixing' together the reactants and maintaining this mixture at a temperature 
high enough to promote the reaction at a reasonable rate, but not so high as tp cause decomposition. A 
useful range is from 70-100* C. The optimum temperature generally lies within, tiie range of from 50-90*0. 
In many cases It will be found that the reaction is exothermic in character. 

The reactants are employed in approximately stoichiometric proportions. This limitation is not critical 
however. Typically, a slight excess of carbon disulfide is used in order to compensate for any loss of 
carbon disulfide which may occur through volatilization during the course of tiie reaction. This helps to 
insure maximum product yield. The reaction can be convenientfy carried out by merely mixing and heating 
the reactants. It is preferred, however, to add the amine reactant slowly, in dropwise fashion, to a mbcture of 
the cart)on disulfide and bicyclo(2^.1)hepta-2,5-diene reactants in order to suppress unwanted amine salt 
formation which can occur If ttie reactants are brought into irnmediate contact 

The reaction can be carried out in ah inert atmosphere! if desired, but the use of an inert atmosphere 
above the reaction mfocture is not required. 

The reaction should be carried out for a time sufficient to form a substantial amount of product This Is 
usually accomplished in from 0.5 to 12 hours. A rnore useful time range is ifrom 2 to 4 hours. 
^ The process of the present invention produces mixtures containing both 2.6-bis(N.N-dihydrocarbyl- 
dithiocarbamate) and 2.5-bis(N.N-dihydrocarbylditiiiocarbamate). These mbctures are effective in conveying 
both antioxidant and ahtiwear properties to lubricating oil containing tihem. 

Preferably, tiie lubricating compositions of Uie present Inyention comprise from 0.1% to 10%, more 
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preferably. 0.25% to 5%. by weight of the oil-soluble products of foregoing formulae (A) and (6) and the 
. . lubricating oil may be any of liie welhknown mineral or synthetic oils of appropriate viscosity characteristics. 
It will be understood that the lubricating compositions of the -present invention maV also contain. If 
desired, conventional lubricant additives such as ancillary antioxidants and antiwear additives (preferably 

5 ashless), corrosion inhibitors, dispersants, detergents, thickeners, pour-point depressants and viscosity 
index improvers. V ? ' 

Hence, in accordance with another aspect of the present invention there Is provided a lubricating 
composition containing a major amount of lubricating oil and a minor antiwear-antioxidant ariiount of a 
compound or mixtures of compounds having the general formulae (A) and (B). 

10 The additives of the present invention may also be conveniently prepared as a concentrate consisting of 
a concentrated solution of d^major amount of the additives and a minor amount of a mineral or synthetic 
lubricating oil, or as an additive package consisting of a concentrated solution In mineral oil or syntiietic oil 
of a major amount of a combination of the additives witii one or more conventional additives. Such 
concentrates and packages are frequentiy very convenient forms in which to handle and transport additives 

75 and are diluted witii furtiier quantities of oil, and optionally blended with further additives, before use. 

Thus, in accordance with a further aspect of the invention, tiiere is provided a solution comprising a 
major amount of a compound or mixture of compounds having tiie fonnulae (A) or (B)'and a minor amount 
of a lubricating oil. One or mors conventional additives may be combined with the compounds of fomnulae 
(A)and(B). ■ ^ i "■ i 

20 The following example will serve to illustrate the manner in which the antiwear and antioxidant additives 
are prepared but not to limit in any respect the scope of the invention claimed. 



EXAMPLE I , 

25 * . . 

To a 250 milliliter reaction vessel equipped with a stirrer, thermometer and condenser was added 18.4 
grams (0.2 mole) of blcyclo(2.2.1)hepta-2.5-diene and 44.4 grams (0.58 mole) of carbon bisulfide. Di-n- 
butylamine (51.6 grams; 0.4 mole) was added slowly to the reaction vessel and the temperature started to 

30 rise due to exotiienm. Reflux of a clear liquid was obsmed. Amine solution was completed In about 17 . 
minutes and the resulting mixture was heated to 70* C. from 63* C. and maintained at that temperature for 1 
hour. The volatile liquid was removed by vacuum distillation at 70 *C. for 15 minutes. A dark orange-brown 
liquid (94.5 grams) was obtained. Analysis by NMR served to identify tiie product as a mixture containing 
bicyclo(2.2.1)heptyl-2,6-bis(N.N-dl-n-butylditiiiocarbamate) and blcyclo(2.2.1)heptyl-2.5-bis(N.N-di-n-butyl- 

35; dHhiocarbamate). 

The antiwear properties of tiie lubricating oil compositions of the present invention were determined in a 
4-BaH Wear Test. This test is conducted in a device comprising four steel balls, three of which are in 
contact with each other in one plane in a fixed triangular position and a reservoir containing the test sample. 
The fourtii ball is above and in contact with tiie other ti)ree. In conducting tiie test, tiie upper ball Is rotated 

40 wtiite rt is pressed against tiiel other three balls while pressure is applied by weight and lever arms. The 
diameter of tfie scar on the three lower balls Is measured by means of a low-power microscope, and the 
average diameter measured in two directions on each of tiiree lower balls is taken as a measure of the 
. . antiwear characteristics of the oil. A larger scale diameter means more wear. The bails were immersed rn 
base lube oil containing tiie test additives. Applied load was 40 kg and rotation was at 1800 rpm for 30 

4S. minutes at 130* F. Tests Were o^nducted witii base oil alone (Bpcon 80W-90 mineral oil) and witii base oil 
containing 0.5 wt % of the additive of Example I. Results are given in tiie foifowjng table. 



50 . 



Oil Fbnnulation 


Scar 
Diameter 
(mm) 


Base Oil 


0.663 


Base Oil + 0.5 wt % additive (Example t) 


0.-483 



The results in tiie table show that lubricating oil containing the additives of the present invention gave a scar 
diameter significantiy less than tiiat of tfie base oil alone. 

Hot Oil Oxidation Tests were carried out to demonstrate tiie antioxidant effectiveness of the present 
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additives. In these tests, fully formulated mineral lubricating oil samples were prepared both with and 
without the additive. The oil is placed in a test cell together with 0.3 cubic centimeter of a catalyst 
composition prepared by dissolving 6.65: grams of ferric acetylacetonate and 0.6 gram- of cupric ac- 
etylacetonate in 100 grams of xylene. The cell was heated to 160 ' C. and dry air blown through the heated 
. 5 .oil for 48 hours at a rate of 10 liters/hour. The percent viscosity increase was measured at 40*C. The 
• following results were obtained: ... - :r /fn . 



Additive 


Percent 
Visoosity 
increase 


None . " V- • 


-64.7 V 


Example 1 (0.26 wt % based on total weight of the oil) 


.20.5 



These, results demonstrate tiiat the additive compounds of the Invention are effective antioxidants. 

• Claims- > /< . .i • *v- 

1. A lubricating composition containing a major amount of lubricating oil and "-a minor antiwear- 
. antioxidant arripunt of an additive compound) or mixtures of compounds having tine general formulae: 



25 



30 




4a. 




wherein R Is an aikyi group containing from 1 to 20 cartoon atoms, n represents a number selected from tiie 
class consisting of zero and tiie integers from 1 through 6, r' represents a member selected from tiie 
group consisting of the hydrogen atom and tiiose groups represented by R, and R* Is an aliphatic 
hydrocarbon group. 

2. A lubricating composition of claim 1 In which tiie symbol R'' represents an alkyi group.' 

3. A lubricating composition of claim 2 in which the symbol R'' represents an alkyI group having from 1 
to 12 carbon atoms. 

4. A lubricating composition of claim 1 wherein said compound is a bicyclo(2.2.1)heptyh2,6-bis(N.N- 
dihydrocarbyldithiocarijamate). 

5. A lubricating composition of claim 1 wherein said compound is bicyclo(2.2.1)heptyl-2,5-bts(N,N- 
dihydrocarbytditiiiocart>amat6). 

6. A lubricating composition of claim 1 wherein said mixture of (compounds is a mixture of bicycio- 
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(2.2.1 )heptyl-2,iB-bls(N,N-<ii-n-butyldithiocarbamate) and blcyclo(2.2.1)heptyl-2.5-bis(N.N-di-n-butyldithiocar- 
bamate). 

7. A lubricating composition of claim 1 which comprises from 0.1 to 10 percent by weight of the 
additive compound. 

5 8. A process for preparing an oil-soluble compbund or mixtures of compounds having the general 
formulae: 
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NCS 



R" 



(A) 
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(B) 



wherein R Is an all<yl group containing from 1 to 20 carbon atoms, n represents a number selected from the 
35 class consisting of zero and the integers from 1 through 6, r' represents a member selected from the 
group consisting of the hydrogen atom and those groups represented by R, and r"" is an aliphatic 
hydrocarbon group which comprises reacting a bicyclo<2.2.1)hepta-2.5-diene having the general formula: 



40 



45 




(C) 



wherein R and R are as defined above with cartxsn disulfide and an amine having the general formula: 

where r" is an aliphatic group having up to 12 carbon atoms. 
^ 9. The' process, according to claim 8 wiierein said reaction is canied out at a temperature of from 30- 
100* C. 

10. A concentrate for addition to a lubricating composition, said concentrate comprising a minor amount 
of a mineral or synthetic oil and a major amount of a compound or mixture of compounds having the 
general fbnmuiae: 

55 
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wherein R is an alkyi group containing from 1 to 20 carbon atoms, n represents a number selected from the 
class consisting of zero and the integers from 1 through 6. r' represents a member selected from the 
group consisting of the hydrogen atom and those groups represented by R. and r" Is an aliphatic 
hydrocarbon group. 
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Lubricant composition. 

Compounds or mixtures of compounds having the formu- 




(A) 



wherein R is an alkyi group containing from 1 to 20 carbon 
atoms, n represents a number selected from the class 
consisting of zero and the Integers from 1 through 6, R' 
represents a member selected from the group consisting of the 
hydrogen atom and those groups represented by R, and R" is 
an aliphatic hydrocarbon group are effective antiwear and 
amioxidant additives in lubricating oils. 
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